SUMMARY The duration of action of single oral doses of 80 and 160 mg of propranolol during acute and sustained therapy was studied in nine patients with stable, exercise-induced angina pectoris. Plasma propranolol levels peaked 2 hours after both doses during acute and sustained therapy, but there were wide variations between individuals in plasma concentration with both dosage schedules. Plasma half-lives after 80 and 160 mg were 3.99 and 4.65 hours during acute therapy and 3.46 and 6.35 hours during sustained therapy. Despite a twofold increase in plasma levels during sustained therapy, the increase in walking time to angina was similar to that seen with acute therapy. After acute administration of 80 and 160 mg propranolol, walking time to angina increased significantly compared with the values after placebo. This improvement in exercise tolerance, however, was similar after the two doses of propranolol; it appeared within 1 hour and persisted for 12 hours after both doses. Improvement in exercise tolerance was maintained over 12 hours during sustained twice-daily therapy with 80 mg propranolol. However, when the dose of propranolol was increased to 160 mg twice daily, we observed no further improvement in exercise tolerance. During both modes of therapy, the improvement in exercise tolerance was associated with significant reduction in electrocardiographic ST-segment depression. At both rest and exercise, the heart rate, systolic blood pressure and rate-pressure product decreased at 1 hour and the effects persisted for 12 hours during acute therapy and for 24 hours during sustained therapy. The circulatory effects were, however, more marked during sustained therapy. These studies show that twice-daily therapy with 80 mg propranolol should be adequate for treating patients with angina pectoris due to coronary artery disease. The improvement in exercise tolerance to be expected during sustained therapy can be assessed from the exercise studies carried out within 1-2 hours after the oral administration of single dose of 80 or 160 mg propranolol.
PROPRANOLOL IS EFFECTIVE in the management of patients with angina pectoris,1 6 and is usually prescribed in doses four times daily. Recent studies from this laboratory in patients with stable exercise induced angina pectoris have shown that after single oral doses of 80 and 160 mg propranolol, the increase in exercise tolerance and reduction in heart rate (HR) and systolic blood pressure (SBP) at rest and during exercise persist for 12 hours. 7 These observations suggest that propranolol administered in these doses twice daily would be effective. However, it is not known how the duration of action after single oral doses compares with those seen during sustained, twice-daily therapy. The present investigation was designed to compare the duration of action of propranolol after acute and sustained twice-daily oral therapy in patients with angina pectoris.
Methods
Nine male patients aged 45-64 years (average 53 years) with uncomplicated stable, exercise-induced angina pectoris were studied. All had significant coronary artery disease as defined by obstructive disease of > 75% luminal narrowing of one or more coronary arteries. None had suffered a myocardial infarction, was hypertensive, or had clinical or radiological evidence of cardiac enlargement or failure. The history of angina pectoris ranged from 6 months-10 years (average 44 months) and was always induced by exercise in all patients. No "patient was taking medications other than sublingual nitroglycerin, and this drug was not taken on the days of the investigation. None of the patients had been treated previously with propranolol.
The resting ECG was normal in all patients. During exercise, all patients experienced angina by the beginning of stage 3 of the multistage treadmill exercise" and developed ischemic ST segments characterized by horizontal or downsloping ST-segment depression, 1 mm or more of at least 0.08 sec duration in modified lead V5.
The study was explained to each patient and written informed consent was obtained. The acute and chronic phase of this study was completed by all patients, and no complications occurred. Abbreviations: PL = placebo; Prop = propranolol; Ac = acute therapy; Sus = sustained therapy.
concentration was 12-and eightfold after the 80 and 160 mg doses, respectively. Twenty-four hours after both 80 and 160 mg doses, the plasma propranolol concentration was less than 10 ng/ml in all patients.
Sustained Therapy After sustained twice-daily therapy, plasma propranolol concentration before the morning dose, i.e., 12 hours after the previous dose, averaged 24 .8 ± 5.5 and 60.1 + 17.1 ng/ml (mean + SEM) after 80 and 160 mg propranolol, respectively. Again, after the morning dose, plasma propranolol concentration reached a peak at 2 hours with both doses and then declined exponentially with an average plasma halflife of 3.46 hours after 80 mg and 6.35 hours after 160 mg. Twenty-four hours after 80 and 160 mg, the plasma propranolol concentration averaged 4.1 ± 3.4 and 19.9 ± 9.8 ng/ml, respectively. Comparison of plasma propranolol concentration during acute and sustained therapy revealed an approximately twofold increase in peak plasma concentration after both the 80 and 160 mg dosage during sustained therapy.
Symptoms and Exercise Tolerance (fig. 2, table 1)
None of the patients had angina at rest during the study, and none required nitroglycerin for angina precipitated by exercise testing.
Acute Therapy
None of the patients developed side effects from either dose of propranolol or the placebo. Exercise was discontinued because of moderately severe angina during the three control exercise periods and during the series of exercise tests after placebo administration. The treadmill walking time to the onset of angina (P1) and the time to the development of moderately severe angina (P2) were similar during the three control studies. During each exercise period after placebo, no significant change occurred in the time to P1 or P2 compared with control values. After both doses of propranolol, exercise tolerance improved in all nine patients. All patients experienced P1 after propranolol, but three did not develop P2 after 80 and 160 mg and another two did not experience P2 until exercised 12 hours after 160 mg propranolol. In these patients, exercise was discontinued because of fatigue and the exercise time to fatigue was substituted for P2. Thus, after both 80 and 160 mg propranolol, walking time to P1 and P2 increased significantly compared with the values after placebo. This improved exercise tolerance appeared within 1 hour and was unchanged for 8 hours after both doses of propranolol, compared with the corresponding placebo values (p < 0.001). Improvement in exercise tolerance at 12 hours was less marked at 12 hours, but was still significantly greater than the corresponding placebo values (p < 0.05). The group Abbreviations: P1 = onset of angina pectoris; P2 = onset of moderately severe angina pectoris; PL = placebo; PR = propranolol; Ac = acute; Sus = sustained; HR = heart rate in beats/min; SBP = systolic blood pressure in mm Hg; RPP = rate-pressure product in mm Hg/min X 10-2.
mean values for walking time to P1 and P2 after 80 and 160 mg propranolol were similar.
Sustained Therapy
Eight of the nine patients noted symptomatic improvement during sustained therapy with both 80 and 160 mg twice-daily therapy with propranolol. The re-PROPRANOLOL 80 mg Blood Pressure (fig. 4 ).
Acute Therapy Resting SBP in the standing position was not altered after placebo. However, after both doses of propranolol, resting SBP decreased slightly but significantly compared with the placebo values (P < 0.01).
During exercise in the three control studies and after placebo administration, SBP increased in all patients from the resting values (p < 0.001). The values of SBP at P1 and P2 were similar during the three control and placebo studies. After both doses of propranolol, SBP was significantly teduced at both P1 and P2 compared with the placebo values at P1 and P2 (p < 0.001). The reduction in SBP was similar after the two doses of propranolol, and was present at 1 hour after drug administration and persisted for at least 12 hours.
After sustained twice-daily therapy, the values of resting SBP before the morning dose, i.e., 12 hours after the previous dose of propranolol, were significantly lower than the control and placebo values during the acute therapy (p < 0.05). After administration of the morning dose of 80 and 160 mg propra-nolol, further small but significant reductions in resting SBP occurred compared with the pre-drug values (p < 0.05). The values of SBP at P1 and P2 before the morning dose, i.e., 12 hours after the previous dose of propranolol, during sustained therapy were significantly lower than the three control and placebo values during acute therapy (p < 0.01).
After the morning dose of 80 mg propranolol during sustained therapy, no further significant reduction in SBP occurred from the pre-drug values at P1 and P2. On increasing the dose to 160 mg twice daily, the values of SBP at any given time after the dose were similar to the values after the 80-mg dose during sustained therapy. any given hour during sustained therapy, the RPP was lower than the values after acute administration of the drug (p < 0.01).
Discussion In this study we compared the duration of action of propranolol during acute and sustained therapy in patients with stable angina pectoris. The results showed that despite a twofold increase in the plasma propranolol concentration during sustained therapy, the improvement in exercise tolerance after acute and sustained oral therapy was similar. During both the acute and sustained therapy, improvement in exercise tolerance and reduction in HR, SBP, and RPP during exercise persisted for at least 12 hours.
Plasma propranolol concentration peaked at 2 hours after single oral doses of 80 and 160 mg propranolol and after sustained twice-daily therapy with similar doses of propranolol. Furthermore, there was an eight-to 12-fold inter-individual variation in plasma propranolol concentration after both acute and sustained therapy, a finding in agreement with previous reports.9' 1 During acute therapy, the average plasma half-lives of 4.0 and 4.7 hours after 80 and 160 mg of oral propranolol, respectively, are longer than those previously reported after single intravenous and oral doses.9' 1' During twice-daily sustained therapy, the average plasma half-life after 80 mg propranolol was only 3.5 hours, but was prolonged to 6.4 hours after 160 mg propranolol. A similar phenomenon has reportedly occurred after doses of oral propranolol every 6 hours in normal subjects and hypertensive patients.10' 12, 13 This prolongation of plasma half-life during sustained therapy with 160 mg propranolol twice daily was probably due to the saturation of the hepatic metabolic pathway. '4 Improved exercise tolerance after acute and sustained therapy with propranolol confirms previous reports. 6,15 17 However, the improvement in exercise tolerance after sustained therapy was similar to that seen dtring acute therapy, despite a twofold increase in the plasma propranolol concentration during sustained therapy. These findings, together with the marked inter-individual variation in plasma propranolol concentration, suggest that the routine measurement of plasma propranolol concentration is of little clinical importance in the management of patients with angina pectoris.
This study demonstrates that sustained improvement in exercise tolerance in a given patient can be predicted from the results of exercise testing carried out within 1-2 hours of single doses of 80 or 160 mg propranolol, and such improvement lasts [8] [9] [10] [11] [12] hours. This prolonged improvement in exercise tolerance during both acute and sustained therapy suggests that propranolol could be administered twice daily, which would offer obvious advantages and should improve patient compliance. Such dose schedules have been shown to be effective in the treatment of patients with essential hypertension. '8 20 In this study the improved exercise tolerance during sustained therapy with 80 mg propranolol twice daily was similar to that seen with 160 mg propranolol twice daily. These findings suggest that therapy with 80 or 160 mg propranolol twice daily should be adequate for treatment of patients with exertional angina.
In our study, during both acute and sustained therapy, the increase in exercise tolerance was associated with significant improvement in the electrocardiographic evidence of myocardial ischemia as evidenced by changes in ST-segment depression. These findings are in agreement with other investigations."5 ' 17, 21 Propranolol reduces both the HR and SBP, and these effects are more pronounced during exercise.", 20, 22 23 Despite a twofold increase in plasma concentration after sustained therapy, resting HR did not decrease further during sustained therapy compared with the values after acute administration of similar doses of propranolol. However, during exercise, the reduction in HR, SBP and RPP was more pronounced after sustained therapy. Despite these more marked circulatory effects during exercise after sustained therapy, the improvement in exercise tolerance was no greater than that observed after single oral doses of propranolol. During both acute and sustained therapy, angina occurred at a lower RPP after propranolol than during control exercise periods, a finding similar to previous reports. 4 15, 117, 24 Factors responsible for the reduction in RPP at angina during propranolol therapy have been discussed elsewhere.
Our study does not provide information regarding the efficacy of twice-vs four-times daily therapy with propranolol in patients with angina pectoris, nor does it report the efficacy and side effects of treatment with propranolol at more frequent intervals, when blood levels would be more constant. However, the study demonstrates that twice-daily therapy with 80 mg propranolol would be adequate for the treatment of patients with angina pectoris due to coronary artery disease. The improvement in exercise tolerance to be expected during sustained therapy can be assessed from the exercise studies carried out within 1-2 hours of the oral administration of single dose of 80 or 160 mg propranolol. It is safe to institute therapy with such high doses in patients who have no contraindications to therapy with /3-blocking drugs. If the patient does not develop bradycardia or hypotension after acute therapy, these side effects will probably not occur during sustained therapy. However, the side effects of propranolol can only be assessed properly during long-term therapy.25
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